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(54) ELECTRODE DEVICE FOR MICROWAVE OPERATION 



(57) An electrode device is for microwave 

coagulation therapy disclosed in which the direction of 
its electrode tip can be controlled by operation in its 
proximal region. The device comprises: a handpiece 
provided with a rigid hollow support shaft extending 
toward a distal end, a movable support provided at the 
distal end of the support shaft and carrying thereon an 
electrode, a coaxial cable which is connected at its 
proximal end to a coaxial connector and extending 
through the support shaft and connected in the movable 
support to the electrode, wherein: (a) the movable 
support comprises one or more links each surrounding 
the coaxial cable and longitudinally connected to the 
distal end of the support shaft so that the movable 
support can be bent and stretched in a single plane, 
and (b) the electrode device comprises a resilient 
stiff member fixed at one of its end to the deflection 



side of the most distal one of the links contusing the 
movable support and extending through the support shaft 
and so connected at its proximal end to a control 
section of the handpiece that the resfent stiff 
member can be pulled and pushed back at te proximal 
end of the handpiece. 
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Fig. 1 



Description 
Technical Field 




[0001] The present invention relates to an electrode device used in microwave surgery apparatus with which 
coagulation, hemostasis, ablation, etc. of bio-tissues is performed by means of microwave, and more specifically to 

S^^.^JW^ST^ of the electrode fixed 3t the distal end of an elonaated shaft 2 * 

Background Art 

IO h-°?K u° r trea * ment of Pathological tissues, e.g., malignant tumors, which are located deep in a body, methods 
^hon^T * app ied are those b Y u which the bod V is deeply cut open through the skin to expose the lesion 
and hen the lesion is excised together with the adjacent tissues. In recent years, however, due to a trend for 
" °/ h pat,ents f q " allty ° f lie - treatment methods ^at do not involve abdominal section and could thereby 
term of hospitalization are becoming familiar. Among them, examples of methods for treatment of 

n^e%aS£Z™ew$cn ' ^ ^ percutaneous ethan °' Action ™ 

I00 j )31 < '?. micro _ wa ve coagulation therapy, selective coagulation, hemostasis. ablation, etc. of the lesion are 

JEfUHJELU h** 9 die,ec ' ric heat generated in the bio-tissues due to a localized microwave electromagnetic 

E£J£?£? ^nH2c e ? C H tr ° d ^ aPP " ed t0 the leSi °" Site by radiatin 9 ™crowave at a predetermined frequency 
between the electrodes. It has advantages over coagulation or ablation procedures using an electric or laser knife in 

ofZ^ZtrT^T™ 6ffe ^H aS We H 38 in " S 6aSineSS 0f handli "9 For microwave 9 cTagS^ 

of the body, there are known methods such as percutaneous microwave coagulation therapy (PMCT) and laparoscopic 

rr^nZ T aU ^°" T*^ (LMCT , ) : ln la P aros c°Pic microwave coagulation theropV! surgery is perfom^eT by 
creating I in the abdominal surface multiple openings usually with a diameter of several mm at proper locations 

«™« r? '; CU h S * Tf n l hroU9h respeCtive trocars - throu 9 h one of wh ich a laparoscope^ f CCD 

ZT^u^H , S 31 end ' ,h K 0U9h ^° ° f WNCh f0rCeps ' and tnrou S h an °ther of which a surgical electrode 
and introducing a nontoxic gas such as carbon diode into the abdominal cavity to inflate the abdomen and then 

SEZS in 9 SU, ; 9ICa, e,6Ctr0de fr ° m ° UtSide ° f the b ° dy while watchin 9 ,he ima 9 e captured by the CCD camero ano 
displayed on a monitor. 

[0004] When the electrode is being inserted through the trocar into the abdominal cavity, the electrode and the 
ThT^hf ^nJLf i , lapa ~ sc h °P ic microwave coagulation therapy must be in generally straight configuration 
Ilrt'nn T h na ' e ac trode has an integrally attached straight shaft and the direction of its electrode tip is 
SSI . hand - location of a lesion to be coagulated may vary even with regard to the same organ and 

Trfnwon, f ■ T T' Ch ^ VeSSeiS ° r the bNe duct not t0 be coagulated lie in front of . the lesion With a 
conventional electrode, which ,s attached to the supporting shaft in a fixed, generally straight, configuration 
therefore, it has often been difficult to apply the electrode at an optimal angle to the lesion. ., conr.gurat.on, 

[0005] To solve this problem, it is necessary to design an electrode such that, after insertion of it into the 
abdominal cavity, the direction of the electrode can be changed to a desired angle by operation at a proximal site 
the^ e % U th^ e i, a ^n eCtriC ° r H laSer knifG> ° nS ° f the c haracteristics of an electrode for microwave" coSation 
h*. r» P Lt MoJ ,L T m T de t micro u v r ave Coaxial cab,e up 10 the distal end of the electrode. Due to this 
here has been proposed no electrode usable in laparoscopic microwave coagulation therapy in which the direction o 
its electrode tip can be controlled at its proximal site. ui.eouon or 

[0006] That is, there is a difficulty with an electrode for microwave coagulation therapy in providing within 
LL^Tthc. 8 complex mechanism for controlling the angle of the electrode, for a coaxial cable occupies main 
space in the cross section of the support shaft's lumen. p ' 

[0007] In addition it is one of the characteristics of a microwave coaxial cable that if there is a region 
curved at an acute angle, the microwave being conducted is partly reflected at the region to create a standing wave 
^forf^S' 31 ' 0 " h H ea r l h and f 3 l0SS ° f ener9y ' and the f0 ™ard conduction of microwave energy beyond thm 
Lr?r^,h=fr h V Ped K d : Therefore, even when the electrode is bent near its distal end, its curve must not be 
acute so that the curve of the mtenor coaxial cable can have as large a radius of curvature as possible 
[0008] Furthermore, a microwave coaxial cable extending contained within the shaft includes a inner conductor 
an insulating medium covering the inner conductor, and an outer conductor surrounding the insulating medium Thus as 

~!,^ss;jr ness and therefore resists deformation - a mechanism ,hat - •** - 26S 

[0009] Furthermore, as the electrode is inserted into or pressed against a lesional tissue, the electrode must 
fromtoeTslue 309,6 ° f ^ e,eCtrode can be retained even when the electrode receives a reaction force 

[0010] Still further, as tissue coagulation with microwave generally takes about 60 seconds per site the 
S™.^ lied to the lesion site must be held at the predetermined angle during the period. Therefore,' it is 

S2S?™ h^ « ? < ' S , S °. deS '? ned th3t the an9,e is fixed without imposing extra burden on the hand of the 
operator once the direction of electrode is set at an desired angle. 

[0011] In addition, further problem was noticed that while the support shaft containing a coaxial cable is being 



bent, the interior coaxial ■ ■caused to curve is often distorted along the dinal axis, thus creating stress 

in the direction of the longWPhal axis, and this stress could prevent smooth bending of the shaft beyond a certain 
amount of bending. 

[0012] The objective of the present invention is to solve the above mentioned problems and provide an electrode 
for microwave coagulation therapy, in which the direction of the electrode tip can be controlled as desired through 
operation at its proximal region. 



Disclosure of Invention 



[0013] The present inventors found that, according to a planned maximal angle with the distal end of the 
electrode, by separating the distal part of support shaft of the electrode into one or more links whose angles can be 
altered in a single plane, and arranging them so that the most distal one of the links can be pulled and pushed back 
on its deflection side from a proximal region by means of an elongated resilient member along the inner surface of 
the support shaft, the direction of the distal end of the electrode containing a coaxial cable can be easily and 
reliably controlled from the proximal region of the electrode, and, even where multiple links are included, all of 
the links can be moved in concert retaining their mutual balance and therefore an acute curve will not created in any 
region along the coaxial cable contained therein even when the angle of the electrode is changed a great deal. 
[0014] Thus, the present invention provides an electrode device for microwave surgery which allows to control 
the angle of the electrode thereof comprising: a handpiece provided with a rigid hollow support shaft extending 
toward a distal end, a movable support provided at the distal end of the support shaft and carrying thereon an 
electrode for microwave surgery, a microwave coaxial cable which is connected at the proximal end thereof to a 
microwave coaxial connector and connected in the movable support to corresponding portions of the electrode for 
microwave surgery, said cable extending through the handpiece and the support shaft, wherein: 

(a) the movable support comprises one or more links surrounding the coaxial cable and longitudinally connected 
to the distal end of the support shaft so that the movable support can be bent and stretched, in a single plane, 
between the direction of the longitudinal axis of the support shaft and a direction deflected therefrom, and 

(b) the electrode device further comprises a resilient stiff member fixed at one end thereof to the deflection 
side of the most distal one of the links composing the movable support and so connected to a control section of 
the handpiece movable from outside that the resilient stiff member can be pulled and pushed back at the proximal 
end of the handpiece, said resilient stiff member extending through the support shaft. 



. [pP15] In laparoscopic microwave coagulation therapy, the electrode device of the present invention in the above 
configuration can be kept stretched straight when; being introduced into a trocar inserted into the abdominal cavity, 
: and v then, after a predetermined length of its distal part has ;beeh v inserted ^oyt of the trocar into the abdominai 
. cavity, can as required, by operating the control section provided in . the handpiece - to adjust the 

direction of the electrode tip to be adapted to the location of the lesion. In addition, although it depends on a 
mechanism by which both pulling and pushing force are applied only to the most distal one of the links, all of the 
links can be moved in concert while retaining their mutual balance, even where the movable support is composed of 
multiple links. Thus, concentration of curvature will not occur to a limited region of the movable support, and 
therefore creation of an acute curve will be avoided at any region along the coaxial cable contained therein even 
when the angle of the electrode is changed a great deal. With such configuration and functions, the present invention 
allows to control the direction of the electrode tip within the abdominal cavity as desired by proximal manipulation 
during microwave coagulation therapy, thereby enabling more flexible operation in accordance with the location of the 
lesion to be coagulated and with conditions of the surrounding tissues. 

[0016] When changing the direction of the electrode tip greatly, depending upon the mutual positioning of the 
contained coaxial cable, the links and the support shaft, there may be cases in which the coaxial cable is strained 
or compressed along the longitudinal axis and thus created substantial longitudinal stress hinders a smooth 
manipulation of the electrode tip. To address this problem, the present inventors found that by arranging the coaxial 
connector positioned in the handpiece to be able to sift, e.g., slide, along the longitudinal axis within a 
predetermined range rather than fixing it to the handpiece, any conceivable stress along the longitudinal axis of the 
coaxial cable can be released and thus allowing a smooth manipulation of the electrode tip without being hindered 
even for a great deal of change in its angle of, e.g. up to 180°. 

[0017] Therefore, the present invention further provides an electrode device for microwave surgery as described 
above and further characterized in that the coaxial connector is attached to the handpiece in such a manner that it 
can shift along the longitudinal axis within a predetermined range so that it can follow a longitudinal shift of the 
coaxial cable in association with the movement of the movable support between the deflected and the stretched 
positions. 

[0018] With this additional feature, even when the angle of the electrode tip is changed a great deal by bending 
the movable support, no stress is created in the coaxial cable along its longitudinal axis because the coaxial 
connector, to which the proximal end of the coaxial cable is connected, may shift, e.g., by sliding, in the direction 
of the longitudinal axis relative to the handpiece in response to the longitudinal shift which may take place in the 
coaxial cable within the support shaft. Therefore, the angle of the electrode tip can be changed up to as much as 





180" without causing any probl^ 
Brief Description of Drawings 
[0019] 

Fig. 1 illustrates a schematic side view of the electrode for microwave coagulation therapy. 

Fig. 2 illustrates a side view of the electrode device when supplied for use for microwave coagulation therapy. 

Fig. 3 illustrates an enlarged side view of and around the movable support. 

Fig. 4 illustrates an enlarged side view of and around the movable support in its curved position. 

Fig. 5 illustrates an enlarged side view showing the mechanism for bending in further detail. 

Fig. 6 illustrates an enlarged bottom view showing the mechanism for bending in further detail. 

Fig. 7 illustrates a side cross-sectional view showing the structure of the handpiece. 

Fig. 8 illustrates an end view of the handpiece seen from its end where the coaxial connector attached. 

Best Mode for Carrying Out the Invention 

[0020] In the present invention, even where the movable support carrying the electrode is composed of multiple 
inks it is enough to fix the resilient stiff member at its end onto the deflection side of the most distal one of 
on, r ^h L W r I""?* t0 i ntermedia I e links - remaining links may simply be in longitudinally slidable 
contact with the res.hen stiff member extending to the handpiece. The resilient stiff member may be fixed to the 
most distal one of the links on its deflection side, and, e.g.. on the inner surface of that side. Though fixation 
L h ? e , rf( T eC ^ b , y £°™ entlonal means - jt is Preferred not to adopt bulky means, for a coaxial cable is to be 
Ltffl f ^ si K° n H? y be Carried out ' for exam ple, by making a bore in the link and the resilient 

sbff member at the sites where they are mutually linked, laying them upon each other, inserting a pin through the 
bore and caulking the end of the pin. w 

E? 02 ! 1 * th ^f pr ! Sent invention - tne "resilient stiff member" may be made of a material that can transmit to 

the deflecting side of the most distal one of the links, pulling and pushing-back force applied by the control 
section and withstands repetitive bending and stretching. A resilient metal belt or metal wire (either simple or 
stranded wire), for example, may be used for this purpose. When a metal wire is employed as a resilient stiff member 
iT.hl^nS ih X T ^i'e. being pushed back toward the distal end, a path may be provided along the inner surface 
of the support shaft as desired which serves as a guide. When a metal belt is employed as a resilient stiff member a 
guide provided for a metal wire may not be necessary, for the flexure of the metal belt while being pushed back' is 
res ncted because the coaxial cable occupies substantial space in the lumen of the support shaft. Again when a 
metal belt is employed, it may be allowed that a metal belt is employed only for the part extending through the 
movable support carrying the electrode, with more proximal part being thicker and made of metal plate or a metal stick 
[0022] The resHient stiff member, one of whose ends is fixed to the most distal one of the links composinq the 
movable support, extends through the remaining links of the movable support and through the support shaft toward the 
handpiece and is connected at the proximal end to the control section, which is movable from outside, to allow 
puHmg and push.ng-back of the resilient stiff member. The configuration of the control section movable from outsMe 
T??l L*m conn ection to the proximal end of the resilient stiff member are not limited insofar as they 
are suitable to be operated with a hand holding the handpiece. For this part, it may be possible to employ some 
proper means known to those skilled in the art concerning a similar surgical device. However, a mechanism in which the 
™°.cf b l e Q S T P0 '1 b *?l by sc > ue u ? zin 9 a lever Provided on the handpiece would impose a burden on the operator who 
must keep the angle of the movable support for the time of effecting coagulation, usually about 60 sec per site 
[0023] In order for making it easy to keep the angle of the movable support for a certain length of time a 
preferable system is that in which the control section is made of an internally threaded member which is fit around a 
tubular shaft section of the handpiece and prohibited from longitudinal shifting and which can be rotated from 
outs.de, wherein the thread of the internally threaded member associates with the proximal end of the resilient stiff 
member by a screw mechanism so that a rotation of the internally threaded member is converted to a shift in the 
longrtudinal direction of the proximal end of the resilient stiff member. There are known a wide variety of screw 
mechanisms that convert a rotational motion to a linear motion, and therefore a suitable mechanism can be readily 
chosen by those skilled in the art. With such a screw mechanism, once the angle of the movable support is adjusted 
L grSenlfit to thro a perator PPOrt ^ ^ * C ° ntr01 S6Cti ° n * left unsu PP orted with fin 9 e rs, which provides 
[0024] A more specific example of such a system is one in which an internally threaded member made of a tubular 
member internally threaded is adopted as the control section, which is rotatably fit around a tubular shaft 
sect.on(wh.ch may be an extended part of the support shaft) of the handpiece but in such a manner that a shift in the 



longitudinal direction is pB*Med, the tubular shaft section being provided v^^l longitudinal slot, the proximal 
end of the resilient stiff mWiber being fixedly provided with a projection directed radially outwardly, and the 
projection protruding out of the slot and thereby engaging with the thread of the internally threaded member of the 
control section. The projection may be made on the proximal end of the resilient stiff member in any convenient 
manner. For example, it may comprise a pin fixed in a bore defined at the proximal end of the resilient stiff member. 
In this case it is enough that the pin is of such length and shape that one end of the pin protrudes out of the slot 
and engages with the thread of the internally threaded member. In order to prevent the pin from retracting into the 
interior of the tubular member and thereby disengaging from the thread, the lower part of the pin protruding out of 
the slot may be made thicker than the slot or the part may be provided with a secured washer. 

[0025] In a system in which a projection at the proximal end of the resilient stiff member is engaged with the 
thread of the internally threaded member, by rotating the internally threaded member of the control section with 
fingers of the hand holding the handpiece, the projection engaging with the thread is moved back and forth, and this 
movement is transmitted to the most distal link which is connected to the distal end of the resilient stiff member, 
and, consequently, the amount of the curve of the movable support is changed. Because a screw mechanism is 
adopted, the movement of the resilient stiff member is small compared with the rotation of the control section, and 
therefore a fine control of the curve of the movable support is made with ease. On the contrary, for a given change 
in the curvature of the movable support, the required amount of a corresponding rotation of the internally threaded 
member of the control section is much greater, an external force imposed on the electrode tip cannot cause rotation 
of the internally threaded member of the control section. Therefore, once the movable support is bent to a required 
degree by operating the control section, the control section stays fixedly in the same position even if it is left 
unsupported with fingers. Therefore, it is not necessary for the operator to continue to apply a force on the control 
section to keep the curvature of the movable support, and thus no inconvenience is caused to the intended surgical 
operations such as coagulation. 

[0026] The one or more links composing the movable support may be connected longitudinally to the distal end of 
the support shaft so that the movable support can be repeatedly bent and stretched, in a single plane, between the 
direction of the longitudinal axis of the support shaft and a direction deflected therefrom. One of the particularly 
preferable examples of the wide variety of such configurations comprises turning pairs which are mutually pivotal 
around an axis perpendicular to the axis of the support shaft and composed with adjacent movable links or together 
with the support shaft. Specifically, this may be embodied, for example, by defining fiat planes on both sides which 
overlap between adjacent links or the adjacent support shaft, and connecting each of those overlapped projected 
plates with a pin. 



[Example] 

[0027].,,.;. '. The present invention is described in further detail below with reference to a typical example. However 
it is 'not to . intended that the present invention be restricted to the example. f* ") •• :' 

-'i0628]^.i^'-Fig-.,4-illustrates'a schematic side view of an example of the electrode device for micro^ 
therapy. While , the illustrated example is a so-called monopolar type electrode; a bipolar type /electrode may also be 
used and the shape of the electrode tip may be in a variety of shapes such as ball-like; hook4ike, sWdei'ke or 
blade-like shapes, since the type or shape of the electrode tip is irrelevant to the present invention. Id tie figure, 
1 indicates an electrode device for microwave coagulation therapy, 5 is a central electrode, and 7 b a fcibufer 
ground electrode. 9 is a rigid hollow support shaft made of a metal with a circular cross section, trough tie 
interior of which extends a flexible coaxial cable 10 for microwave shown in phantom lines. 11 is a hanifciece which 
is to be held in a hand of the operator when handling the electrode. The handpiece 11 includes a holding grip 13, an 
angle control ring 15, which is the control section for adjusting the angle of the electrode tip, a microwve coaxal 
connector 17 for introducing microwave of a predetermined frequency from a microwave generation apparatus such as 
a magnetron. At the distal end of the support shaft 9 is provided a movable support 20 containing h itself fce 
flexible coaxial cable 10 extending therethrough. In the figure, the movable support 20 is shown oils curved 
position. While the movable support has two joints 22a and 22b and thereby consists of two links in tteftstrated 
example, the number of joints (and therefore the number of the movable links) may be chosen in maoufixfere as 
desired in accordance with the intended maximal angle of the electrode tip (maximal curvature of the movable sapport) 
. For example, when the intended maximal angle of the electrode is 45° , a single joint is enough. Hwtewr, two 
joints would provide a comparatively smooth control, and also the curve of the contained coaxial cable vwukf te less 
acute. And when it is aimed to provide an electrode that can be bent within a wide range, the purposecanle n»t 
simply by increasing the number of joints to two, three, four, five and so on. For example, though change inamjfeof ip 
to about 90° is possible by providing two joints, three or more links may be provided to make the angle of est) Snk 
less acute. It is possible to make a electrode tip delectable about 180° by providing four or more lintebsucha 
configuration, it becomes possible to coagulate a lesion located on the back side of the organ from thei unwil cf 
the operator as the central electrode can be deflected in the direction of the operator. While there isredefode 
upper limit with regard to the number of the joints (therefore to the number of the links), it is pratifcrifo fait 
the maximal number up to six, considering the cost of manufacturing. 

[0029] When put into practical use, the support shaft 9 and the movable support 20 of the electrofe<fence©f 
the present invention are covered with an insulating, elastic and soft integral cover 21, which is smtofe one 
adopted for conventional electrodes for microwave surgery, as shown in Fig. 2. 

[0030] Fig. 3 is an enlarged side view illustrating in more detail the structure of the movable suppta*, win 
its cover 21 removed. In the figure, the movable support 20 is shown in its stretched position, and 2&w& 24b, 



tSt fiv^ 6 links composind^novable support 20, have a generally circular c^fcection. The most distal link 

^ooort fhJft o°»!!£ Wth t a „ a *?T r ^': Ll nd 3 tUbUlar 9round electrode ^^^ink 24a is connected to the 
support shaft 9 at the joint 22a, and the link 24b is connected to the link 24a at the joint 22b At the joint 22a 

28 O a V ortL C0 rn e nnrt n «hT ee , n '^ff 3nd the ** 24a ' 3 pin 26a P ivotal| y connects an extended portion 

nnrtinn %L fT ? u °I ^ " nk 24a (in the fi9ure ' the part lies on the back surface of the extended 

S 28a of the su PP° rt » ha " 9 >- At the J° int 2 2b providing connection between the links 24b and 24a, a pin 26b 
Z £^Z* C S f a lL extanded P° rtion 28b of the link 24b to part of the link 24a (in the figure, the part lies on 

Slhe oLpS rh V a 6 H? h ended portlon 28b ? L the link 24b >" The m ° V3b ' e support is of a symmetrical shape relative 
to the plane of Fig. 3, and the same structure of the joints is provided at the back of the figure 

[0031] With further reference to Fig. 3, 30 is a spring member, which is fixed near its distal end with a pin to 
the inner surface of the bottom wall (i.e., deflection side) of the link 24b and extends alonq the inner bottom 
surfaces of the link . 24a and the support shaft 9 to the handpiece 1 1 . The spring member 30 is nCt^ecured to tnS 
2 |n«iJt«H °I thaspnn 9. ™ mb ?' contained within the movable support 20 is in the shape of a thin belt as 
llustrated but its part contained within the support shaft is made thicker in the form of a plate. This shape given 
to the spnng member 30 is beneficial in minimizing a flexure when pushed back in the distal direction 

£°kk 21 h m' 9 \ 4 J S 30 enlar 9 ed side view of and around movable support in a bent position resulted by a 
nghtward pu I of the spnng member 30 relative to the support shaft 9. In the figure, the link 24b is anoled at 
about 45 relafve to the support shaft 9, whereas the angle of the link 24a is about a half of it Thus the overal 
curve of the movable support is substantially equally shared between the joints 22a and 22b. Therefore' the flexible 
coax,al cable extend.ng therethrough is also evenly curved over these joints 22a and 22b, and acute SnMnfnSKS 
curvature is thereby avoided at any one of the joints. This effect is also obtained where more joints are provided 
£°ri! 3 i ,he electrode device 1, which has two joints as illustrated in Fig. 1, the movable support 20 can be 

^' o a , any a ,? 9le betWeen ° and 90 • at whicn the J' oints 22a and 22b substantially evenly share the angle of the 
™ 8 al 0 T 9 I Sm £° th °r e ° f the flexible coaxial cable 10 contained therein At any of its curved I position 
^rr' f nd H° f tf ! 6 r f s ' l 1 ^ nt 1 member 30 is fixed at a corresponding location, the movable support 20 reSs 
l? ln lTl , k? 6nd '? 9 t0 , furtherbend or stret oh itself, and its curved position is thereby kept stable. Thus it 

aSri In b l°r ton °k ' nSert,n9 Z P UShin9 ,he Central electrade 5 into or a 9 ainst the affected site at a 
desired angle with the movable support 20 kept at a predetermined curved position. Thus, with the electrode device 

^Tnl£Lt e f aM0mina l J*^ tbr0U9b 3 trocar inserted 3t 3 fixed coagulation of a given affected sSe 
can be performed from much less restricted angles than before, for one can securely apply the electrode to the 
affected site while freely controlling the curvature of the movable support eiecirooe to tne 

h^ 4 L^™ he V he SP „ rin ? . memb ! r 30 iS mani 'P ul3ted to return to its initial position, the force in the pressing 
♦horlh?, I f ,s th transmi " ed trough the spring member 30 and applied to the deflection side of the link 24b 
thereby returning the movable support 20 to the stretched position shown in Fi. 3. 

[0035] Figs. 5 and 6 are enlarged side and bottom views, respectively, illustrating the mechanism for controlling 
he curve of the movable support 20 Jn greater detajl, in which the flexible coaxial cable, the central electrode 
KJS I f rT^n- 3 " d ! be 2* 8t Part ° f the handpiece are not shown for convenience of explanation^the 

figures a p,n 40 .s inserted into the bores defined in the, spring. member 30 and the deflection side of link 24b and 
caulked to connect the spring member 30 to the deflection side of the link 24b. Each pair of pins 26a and 26b are 
also inserted into a igned bores defined in the support shaft and the link 24a or in the Minks 24a an I 24b 
respect.vely, and caulked to p.votally connect the links. The spring member 30 extends toward the handpiece 11 atonq 
he respective inner surfaces of the link 24a and the support shaft 9. Near the proximal end of the spring membS 30 
* fixedly provided a pin 42, one end of which protrudes out of a longitudinal slot 44 defined in the support shaft 9 
which forms a tubular shaft portion of the handpiece 11. a - 
[0036] Fig. 7 is a side sectional-view illustrating the structure of the handpiece 11. In the figure the 

fh^nHni! L 1? th nearly , to the Proximal end of the handpiece 11, thereby providing a tubular shaft section to 
the handpiece 1 1 The proximal end of the flexible coaxial cable 10 placed within the handpiece 11 is connected to a 

^ft«tn C l n H e ^° r h 17 K A h0 ' dm9 9 . riP 13 WhiCh iS 3 P3rt of the handpiece 11 is secured onto the support shaft 9 by 
bolts 50 and 52 which are screwed into threaded bores 46 and 48 so as to exert pressure on the outer surface of the 

IZT^rT^^TJ rinQ , 15 ,' ^ hiCh SerV6S 33 the COntrol section ' is P |3ced between ?he hS grip II 
hot J Thf 2 54 ' f 16 , latt6r ^ f WhlCb 18 S6CUred to the suppon sh3ft 9 b V a bolt 58 screwed into a threaded 
JS^iLh 9 ^° ntr K 15 C3n be r0t3ted from outside ' while i{ is bl °cked from shifting in the longitudinal 
direction by being sandwiched between the holding grip 1 3 and the stopper ring 54. w»*»nat 

l ?° 37 l _ . The an9le contro1 rin 9 15 is Provided with an internal thread 60, with which engages the tip of the Din 
42, which is secured to the spring member 30 and protrudes out of the slot 44 of the support shaft 9. By turning the 
n 9 ™™Z 9 YVT ^ tSid6, the Pin 42 en939ing with the thread 60 is lifted in the longitudinal S 
n?ch 9 0 i k,11 44 te JT e , °/ he Supp0rt Sh3ft 9 - the spring member 30 is hereby pulled toward the proximal 
£ tin h > > 6 J fl end ' 3nd the m ° Vab,e SUpp0rt 20 connected to the distal end of the spring memter 30 
is then bent or stretched. Once the curve of the movable support 20 is adjusted to a desired angle itfe not 

annn^t?: S C ° ntinUe * ^ 2? ^ ^ *» 15 With fln9erS ' for even 3 force in thTlongitudfai d nLon 
applied to the spring member 30 could not rotate the angle control ring 15 because it would lock itself dueto a 
supenor fnctional force generated between the thread 60 and the pin 42. 

Sir m Jl h t COaX . i8 ' fr 60 ! 0 '. 1 !, is parti3l| y inse rted into the holding grip 13 in a longitudinally slidable 
manner. In the example of the electrode device 1 illustrated in Fig. 1, when the movable support 20 is bent the 
d.stance from the handpiece to the distal end of the flexible coaxial cable 10 is shortened becaCsele coaxial «Se 



extending through the mo JiMupport 20 curves while shifting closer to the in^^lurface of the deflection side of 
the movable support 20. i^Kfore, if the coaxial connector 17 is fixed to the handpiece 11, a bending beyond a 
certain extent will cause the flexible coaxial cable 10 to be compressed in the longitudinal direction and a stress 
along the longitudinal axis is generated, which gives rise to a resistance against bending, thereby hindering a 
smooth manipulation. In this example of the present invention, instead, as the coaxial connector 17 can slide in the 
longitudinal direction to change its position and thereby no stress is generated in the direction of the longitudinal 
axis of the flexible coaxial cable, smooth bending is possible even at a large angle. 

[0039] Fig. 8 is an end view of the handpiece 11 seen from its end where the coaxial connector 17 is provided. 
In the figure, the coaxial connector 17 is provided with flat portions 62 in its periphery surrounding its outer 
surface, which flat portions 62 are so made that they, through engagement with guides 64 having flat surfaces defined 
in the holding grip 13, prevent rotation of the coaxial connector 17. 

Industrial Applicability 

[0040] The present invention provides an electrode device for microwave coagulation therapy, which electrode 
allows the angle of its electrode tip to be freely controlled from a proximal region, thereby enabling to externally 
control the electrode inserted through a trocar into the abdominal cavity and applying it to the lesion from an 
optimal angle, thus enabling a smooth surgical operation and, by reducing restriction so far imposed according to the 
location of the lesion, widening the applicability of microwave coagulation therapy. 

Claims 

1. An electrode device for microwave surgery which allows to control the angle of the electrode thereof comprising: 
a handpiece provided with a rigid hollow support shaft extending toward a distal end, a movable support provided 
at the distal end of the support shaft and carrying thereon an electrode for microwave surgery, a microwave 
coaxial cable which is connected at the proximal end thereof to a microwave coaxial connector and connected in 
the movable support to corresponding portions of the electrode for microwave surgery, said cable extending 
through the handpiece and the support shaft, wherein: 

(a) the movable support comprises one or more links surrounding the coaxial cable and longitudinally 
connected to the distal end of the support shaft so that the movable support can be bent and stretched, in a 
single plane, between the direction of the longitudinal axis of the support shaft and a direction deflected 
therefrom, and 

(b) the electrode device further comprises a resilient stiff member fixed at one end thereof to the 
deflection side of the most distal one of the links composing the. movable support and so. connected to ay 
control, section of the handpiece movable from outside that the resilient stiff member can be . pulled and ; 
pushed back at the proximal end of the handpiece, said resilient stiff member extending through the^ support 
shaft. : - '"' ' 



2. The electrode device for microwave surgery of claim 1 further characterized in that the coaxial connector is 
attached to the handpiece in a manner allowing a shift in the longitudinal direction within a predetermined range 
so that it can follow a longitudinal shift of the coaxial cable resulting from a positional change of the movable 
support between the bent and the stretched positions. 

3. The electrode device for microwave surgery of claim 1 or 2 wherein the resilient stiff member comprises a metal 
belt or a metal wire. 

4. The electrode device for microwave surgery of claim 3 wherein the resilient stiff member is a metal member and 
in the shape of a belt for the part contained in the movable support and in the shape of a plate for the part 
contained in the support shaft. 

5. The electrode device for microwave surgery of claim 3 wherein the resilient stiff member is a metal wire and is 
placed through a guide path provided along the inner surface of the support shaft. 

6. The electrode device for microwave surgery of claim 1 or 2 wherein each of the links composing the movable 
support forms, with an adjacent link, a turning pair mutually pivotable around an axis perpendicular to the 
longitudinal axis of the support shaft. 

7. The electrode device for microwave surgery of claim 1 or 2 wherein the control section comprises an internally 
threaded member which is fit around a tubular shaft section of the handpiece and prohibited from longitudinal 
shifting and which can be rotated from outside, wherein the thread of the internally threaded member associates 
with the proximal end of the resilient stiff member via a screw mechanism so that a rotation of the internally 
threaded member is converted to a longitudinal shift of the proximal end of the resilient stiff member. 



The electrode device for ^M/ave surgery of claim 7 wherein the proximal <4fc the resilient stiff member is 
fixedly provided with a potion directed radially outwardly, which protrudl^it of a slot defined in the 

s^cf'S^^sLa^^* 8 ^ in the direction of the iongitudinai axis and enga9es with the 
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